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The toxicity of several fungicides against Corynespora cassiicola and the field
efficacy in the control of kiwifruit brown spot
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Miaomiao!, GONG Guoshu!®
(College of Agriculture, Sichuan Agricultural University, Chengdu 611130, Sichuan Province, China;
2Sinochem Agricuiture Holdings, Beijing 100031, Beijing, China)
Abstract: [ Objective JIn order to screen out effective fungicide for controlling kiwifruit brown spot disease.
[ Methods 1 The toxicity of nine primary chemical fungicides against C. cassiicola were measured by
mycelial growth rate and conidial germination inhibition methods. Compound fungicides were selected
according to the toxicity of different fungicides, which applied to determination of the toxicity to mycelia
and field control efficacy. [ Results] The results indicate that the toxicity of tebuconazole, pyraclostrobin
and difenoconazole to the mycelial growth of C. cassiicola was the highest, and their ECso values were 10.81,
11.69 and 12.48 pg/mL, respectively. But carbendazim and pyraclostrobin have low toxicity to mycelial
growth, and their ECso values were 35.19 and 41.85 ug/mL, respectively. The toxicity of tebuconazole and
trifloxystrobin to conidial germination was the highest, and their ECso values were 8.33 and 8.50 pg/mL,
respectively. The toxicity of difenoconazole, azoxystrobin and pyraclostrobin is middle, with ECso values of
12.69, 14.60, and 15.89 ug/mL, respectively. But the toxicity of carbendazim and boscalid is lower, with
ECso values of 33.65 and 40.35 pg/mL, respectively. Based on the results of these primary chemical
fugicides, as well as the field investigation on fungicides using, we selected some primary fugicides with

better inhibitory effects on C. cassiicola in the laboratory, and chose the compound fungicides containing
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these primary fugicides as the test agents. Among the eight compound fungicides, the toxicity of
fluzoxammide-pyraclostrobin to the mycelial growth of C. cassiicola was the highest. When the
concentration was 1 pg/mL, fluzoxammide-pyraclostrobin had the best inhibitory effect, but only reached
63.45%, and the others were all lower than 50%. When the concentration was 10 pg/mL, the inhibitory effect
of fluzoxammide-pyraclostrobin on mycelium was still the best, and the inhibitory rate can reach 88.59%.
The inhibitory effects of difenoconazole-trifloxystrobin and fluriramide-trifloxystrobin were the second, with
inhibition rates of 77.30% and 73.08%, respectively. The inhibitory effect of tebuconazole-trifloxystrobin
was the worst, and the inhibitory rate was only 39.44%. Fluzoxammide-pyraclostrobin can completely
inhibit mycelium growth when the inhibition rate of fluriramide-trifloxystrobin was 85.85%, but the
inhibitory effect of tebuconazole-trifloxystrobin was the worst, and the inhibitory rate was 46.93% at the
concentration of 20 pg/mL. When the concentration was 50 pg/mL, the inhibitory effect of
fluriramide-trifloxystrobin and propiconazole-azoxystrobin was 96.08% and 91.46%, respectively, while
fluzoxammide-pyraclostrobin can completely inhibit mycelium growth. In addition, the inhibitory effect of
difenoconazole-trifloxystrobin reached 89.55%; The inhibitory effect of tebuconazole-trifloxystrobin was
still the worst, and the inhibitory rate was only 51.92%. Fluriramide-trifloxystrobin can completely inhibit
mycelium growth at the concentration of 100 pg/mL. And the inhibition rates of propiconazole-azoxystrobin,
difenoconazole-trifloxystrobin, difenoconazole-azoxystrobin, clofiurfenazole-pyraclostrobin and
tebuconazole-trifloxystrobin to the mycelial growth were 99.46%, 95.04%, 89.04%, 60.03% and 57.18%,
respectively. According to the inhibition effects of 7 compound fungicides on mycelium growth of C.
cassiicola and their field effects, 6 agents of fluzoxammide-pyraclostrobin, fluriramide-trifloxystrobin,
difenoconazole-trifloxystrobin, difenoconazole-azoxystrobin, clofiurfenazole-pyraclostrobin and
tebuconazole-trifloxystrobin were selected for field efficacycontrol tests. In the field efficacy test, after 7
days of the first application, the control effect of each compound fungicide on kiwifruit brown spot disease
was different. Among them, the control effect of fluzoxammide-pyraclostrobin was up to 76.17%, and the
control effects of difenoconazole-azoxystrobin, clofiurfenazole-pyraclostrobin were over 60%. But the
control effects of tebuconazole-trifloxystrobin and difenoconazole-trifloxystrobin were 58.60% and 53.50%,
respectively. 7 days after the third application, the control effect of fluzoxammide-pyraclostrobin was up to
85.69%, and the control effects of fluriramide-trifloxystrobin and difenoconazole-azoxystrobin were up to
83.25% and 81.33%, respectively. And the control effects of the other three compound fungicides all did not
exceed 80%. Among them, the control effect of difenoconazole-trifloxystrobin was only 70.19%. According
to the control effects 7 days after the first application and 7 days after the third application,
fluzoxammide-pyraclostrobin had the best effect, followed by fluriramide-trifloxystrobin. According to the
field efficacy test, two kinds of compouond fungicides, fluzoxammide-pyraclostrobin and
fluriramide-trifloxystrobin, were promoted to used for controlling kiwifruit brown spot disease in
Dujiangyan and other planting areas in Sichuan Province. From 2019 to 2021, the control effect of the two
compound fungicides on kiwifruit brown spot in different planting areas could reach more than 80.00%. In
2019, the control effect of orchards in 5 planting areas, including Lushan and Dujiangyan, was

81.45%-89.25%, and the incidence rate in the treatment group was basically controlled within 50%, among



which the incidence rate in Mianzhu and Lushan was only 8.86% and 12.40% respectively. In 2020, the
disease control effect of orchards in Anzhou, Lushan and Dujiangyan planting areas reached 86.79%,
86.61% and 84.87%, respectively. The disease control effect of Anzhou and Dujiangyan orchards in 2021
was 81.03% and 81.16%, respectively. According to the disease index and incidence of the disease in
different planting areas from 2019 to 2021, the disease has a trend of increasing year by year. But the control
effect of the set of fungicides application scheme for the disease can still remain above 80.00%. [ Conclusion ]
Fluriramide-trifloxystrobin and difenoconazole-azoxystrobin are recommended for the prevention and
control of kiwifruit brown spot disease.
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Table 1 Test fungicide and its source

#j71) Fungicides SKIE Source

325 gL K P AL - I T i 7 77 S IE KA H H [E]

325 g-L*! Difenoconazole* Azoxystrobin SC Syngenta Group China
18.7% P4 I - 1 T T 57 77 S IRk i ]

18.7% Propiconazole- Azoxystrobin SC Syngenta Group China
400 gL SFRUIGE PR A - ILE A K T T 507 77 Bk (hED ARAF
400 g-L! Clofiurfenazole-Pyraclostrobin SC BASF Co., Ltd. (China)
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42.4% Fluzoxammide-Pyraclostrobin SC BASF Co., Ltd. (China)

43 % SN T P % -3 T T V7 FEEAEDEY: (RED HRAF
43% Fluriramide- Trifloxystrobin SC Bayer Crop Science (China) Co., Ltd.
75% I e 75 T 1R 7K 7 ORI 7 FHAEERY: (hED HRAH
75% Tebuconazole- Trifloxystrobin WG Bayer Crop Science (China) Co., Ltd.
40% A Tk FH A IR -5 T T V77 BB B LA BR AT
40% Difenoconazole- Trifloxystrobin SC Chengdu Kelilong Co.,Ltd.
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HTHIR A% = (F T %5 07 7280 < 100
T 1 4 LSO 1) 2 /o= (T B T 2 — B T 2 ) [ R T 2 % | < 100

1.2.3 S EGF* % THAF0H G H L3pH) K5

5G A B T BB NAR B I 22 2750 5 SR 250 ORI RN R E R 2GR AT BN
WIE , Fa A [F] 520 2575045 AT R0 o & B S B K M BB 1.0 10,04 200, 50.0. 100.0 pg'mL"' 5
AR EIRE . S AR FREEIEIES S 1.2.1, XHEREFRIEA | mL LHE /K5 9 mL PDA 92 50R A
PCH TR KA 7 d IBRVEVE SN A 5 mm 3T FLA8 VI B DF 5B 72 & 25 AR b e, /N Ab B 3



NEE, 25°CHRIEHIE 7d A, AT GENEREER, THEMREE.
1.2.4 BB 25 7] 3 BRARHEAR BE 9 69 W 18] 5 76 X 0

o i 1 L ) S RC 245 700 I T B ) B3 Y ke, AR R0 Bk 4B BXE SR 1) 25 By ¥ G B I W) 23 = VAT 24, e
Zil a9 2020 4E 7 H 11 Hy H 18 HAI7 H 25 H, HI[AI &R BLA) i 259 B35 12 B 9 100 pg-mL' .
KHBEHLX A BT A=FRER 1 AN, B 3 ANEE/NX o S IR A5 K A 2 T 2470
E—IRJG 7 dRE =R 5 7 d A BERRRBER 107 R, AR S AR R TG AE R S AN AL & [ e
WA 10 MM f, RETEES RN E 2. K mERETE Ay R =
(MR < RBEUED /7 ORMEFx9) x100 . B ¥ %% £ i+ & o KX A

B G BR/%=[1 — (CKy x PTy) / (CKy x PTg) | x 100 (CKoXf HRALZG AT 46 %L, PT, AbFE 2 )5
TATERE, CK X RRALZ S tE 4R 5, PTo B ZG AT 1B R ED 1),

K2 BRBRMBIRTERE S RIRE

Table 2 The classification standard for severity of brown leaf spot on kiwifruit

REFHE EE
Value Severity
0 Tor] WAEIR No visible symptoms
1 JRBE 5 FEA AR 1%~5%  Disease spots occupy 1%-5% of the sample area
3 JRBE 5 REA AR ) > 5%~25%  Disease spots occupy >>5%-25% of the sample area
5 R B 5 A A T AR B > 25%~50% Disease spots occupy > 25%-50% of the sample
area
7 I53 B o5 AR AS TR ) > 50%~75%  Disease spots occupy > 50%-75% of the sample
area
9 JRBE 5 FEATHIAR Y 75%LL I Disease spots account for over 75% of the sample area
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Opg'mL! 001 pg'mL! 0.1 pg'mL? 1 pg'mL! 2.5 pg'mL! 5 pg'mL! 10 pg-mL-!

Ji5 il Trifloxystrobin

W% Bl Azoxystrobin

FHEME Flusilazole

Tk Ml Tebuconazole

Mt e 1 5 Pyraclostrobin

SRk HH 24 Difenoconazole

S R Famoxadone

mE Bt % Boscalid

% R Carbendazim

Bl 1 ANEHFIERERERE TS EHRERITHIHER



Fig. 1 The inhibitory effects of different fungicides at different concentration gradients on the C.

cassiicola
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8.30 8.55 pg'mL-'; CRPEKFIPRME . WBEEEHES . WL B R RE )AL, ECso {758 1269+ 14.60+
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Table 3 Toxicity of different fungicides to mycelia growth of C. cassiicola

Bl E By R R ECso/
Fungicides Toxicity regression equation Correlation coefficient, r (ug-mL™1)
15§ Azoxystrobin Y=3.534 7+1.202 7X 0.994 3 16.53
J5 b I Trifloxystrobin ¥=3.364 1+1.382 1X 0.989 7 15.26
Lt WL TBK B T Pyraclostrobin ¥=3.346 9+1.548 4X 0.986 6 11.69
FAEME Flusilazole Y=3.105 3+1.397 5X 0.996 1 22.69
WEP % Boscalid ¥=3.158 5+1.621 7X 0.993 9 41.85
JZMEEE Tebuconazole Y=3.760 9+1.033 7X 0.997 4 10.81
2K ik FH 3R Difenoconazole Y=3.669 1+1.214 2X 0.986 4 12.48
Z P R Carbendazim ¥=3.187 8+1.546 5X 0.978 4 35.19
e B i Famoxadone Y=3.271 5+1.199 1X 0.978 4 27.64
x4 FAEGFINZEHRBEBFHALNEN
Table 4 Toxicity of different fungicides to conidia germination of C. cassiicola
255 EyEVE Yy KRR ECso/
Fungicides Toxicity regression equation Correlation coefficient, (pg'mL1)
% B B Azoxystrobin ¥=3.931 3+0.917 9X 0.980 9 14.60
5 g Trifloxystrobin Y=3.799 9+1.288 0.X 0.990 2 8.55
ik AT B TS Pyraclostrobin Y=3.4213+1.314 4X 0.990 3 15..89
JIEM: Flusilazole Y=4.037 3+0.727 8X 0.980 5 21.03
WE I B4 iz Boscalid ¥=2.625 7+1.478 6X 0.9929 40.35
JZMEEE Tebuconazole Y=3.725 7+0.919 3X 0.9653 8.30
KTk F # M Difenoconazole ¥=3.703 1+1.175 3X 0.991 6 12.69




i R Carbendazim ¥=3.005 2+1.306 4X 0.9822 33.65

ZHR
4 B il Famoxadone Y=3.084 0+1.360 8X 0.964 9 25.59

23 FEIE I HHI3 % E R E L E KA IR

AR 2.1 5 2.2 (RER 45 5L, LRI A= 2GR A S Ol ik HY = P 2 04k 28 R 10 S 24
T2, SRR X B SR 2 1R S R L2 T E AR IG 2 57, BRI A5 EANE B LR 1. 3R 5 m 40,
TEZIFIAIE N 1 pg-mL B, 7 Bl A C 24 70 o DL S nee 1 PO fe - ok P Tk 1 5 o7 A ) BT 222 A4 R4 okl 80 R f
U, AHANIE 63.45%, HABBHET 50%. FELAFIREEDY 10 pg-mL- I, 5500 BRI fic - P P T B 15 5o
TR 22 [P A ) 5 R AT e A, P 3R PR 3] 88.59% % ik FFY A Ak - fi 1 i -5 S bl B P A - F 1 s 0 o) 20 S
RZ, ANHIZHIER] 77.30% 5 73.08%; [MEREE-JI5 B BRI d RO 22, HHI 340N 39.44%. fEZ
FIMEEE N 20 pg-mLt I, 7 Fh2 UG T 22 A2 KA RCRTE 0.05 7KF B2 4R B 2 57, SMe TR
P i - Lk P P ] PR R B, B 100% 56 A H0 il T 22 25 4K s St T Tk e - s o TRk BCR e, 4
I ZE ARk B 85.85%;: [ MR- B BRI SO B 22, HIHIZE K 46.93%. FEZFIMKIE S 50 pg-mL-' i,
SRR T T 2 - ok A T T 1 8 100% 0 8) T 22 AR A Ab - A TRTIBE M - 5 1 1 5 AT A e - s T T 410 8 R e 4
AIEF] 96.08% 5 91.46%; T3 b A< K FH A AL - 175 T 1 P U0 A6 RICRAK B 1 89.55% TG e - i T 4110 71 26
AR, M N 51.92% o £E 2577 100 g mL- s, S0 T Bk A - L P Pk 1 1 5 St T L e - i
T P 6 T 22 A A ) 2R 3508 B 100% ;DA BRI - s 1 G RO ik PR BRI - f R R O 400 1 2R 3 ik B T
99.46% 55 95.04%; SR PR P - IHk A Tk 7 1 AR T3 Pl I - i T IR 1) 280 SR B 22, 01 32 230 60.03% 5

57.18%
x5 TRISEZ5IXS 2% E 4 o 22 4 K HH) 2=
Table 5 Inhibition rate of different fungicides on mycelial growth of C. cassiicola
%
247 Fungicides 1 pgrmL-! 10 pg'mL! 20 pg'mL"! 50 ug'mL"! 100 pg-mL-!

SIS R % - P A P 4 T
63.45£3.30 a 88.59+7.63 a 100.00+0 a 100.00+0 a 100.00+0 a
Fluzoxammide-Pyraclostrobin

SR FRT P 2 - 5 T
45.29+3.64 ¢ 73.08£3.20b  85.85+5.57b 96.08+5.83 ab 100.00+0 a
Fluriramide- Trifloxystrobin

PR - 8% T P
35.52+0.79 d 64.9244.19¢c  74.4440.96 d 91.46+7.09 be 99.46+1.09 a
Propiconazole- Azoxystrobin

R B PRI - 5 T
57.75£3.86 b 77.30£0.99b  78.85+0.86 ¢ 89.5546.56 ¢ 95.04+3.58 b
Difenoconazole- Trifloxystrobin

AR T PR R I - % R T
47.90+£5.70 ¢ 64.15+3.39 ¢ 68.90+1.88 ¢ 76.27+3.16 d 89.04+1.24 ¢
Difenoconazole- Azoxystrobin

SRR T A - T A R 43.02+£2.83 ¢ 5530+2.23d  57.14+1.61 57.93+1.84 ¢ 60.03+0.98 d




Clofiurfenazole-Pyraclostrobin

T R T
22.49+3.28 ¢ 39.44£2.29e¢  46.93+0.29¢g 51.92+1.33 ¢ 57.18+0.88 ¢
Tebuconazole- Trifloxystrobin

e R HAAFINE Rk FIREERIERE 1. RP8dE - FEEinEZ, RAEEEENR/NE ZRR R R
AN RRAE 0.05 /KF ERFREENZER.
Note: Details of the tested fungicides are shown in Table 1. Date are mean + SD. Different lowercase letters after the data in

the same column indicated that the inhibition rate of mycelia growth had significant difference at the level of 0.05.
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Fig. 2 The disease index of different fungicides on kiwifruit brown spot
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Table 6 The control effect of different fungicides on kiwifruit brown spot
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Note: Details of the tested fungicides are shown in Table 1. Date are mean + SD. Different lowercase letters after the data in
the same column indicated that the disease index and control effect had significant difference at the level of 0.05.
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Table 7 The control effect on this disease of different planting areas in Sichuan province by the

prevention scheme
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